Nearshore Currents and Coral Reef
Ecology of the West Coast of
Guam, Mariana Islands




AD-780 435
NEARSHORE CURRENTS AND CORAL REEF
ECOLOGY OF THE WEST COAST OF GUAM,
MARIANA ISL.ANDS

Howard D. Huddell, et al

Naval Oceanographic Office
Washington, D.C.

January 1674

DISTRIBUTED BY: E

Eational Toehrics! informchinn Ssmvice
U. S. DEPARTRIENT oF COIAGERCE
5285 Port Royal Road, Springficid Va. 22151

e TR LT Y e e e T - AT B e _EIJ

R T e e R e e T U £ 200 b

el ot o . e T T ) bl wa Bt

-

L 3

e dad e W e At ot B e ke at



L]

T

SR  AD- 790 #33

DOCUMENT CONTROL DATA-R& D

Secutity clessificration of Htle, boady of wlictene t anct dndde vingd anealatien mi-t he enfered when the overafll repurt de ¢fa affied)
I OMIZINATING AC TEVITY {Unsparate author) de, ACFORYT SLCUMITY CLASSIFICATION
UNCLASSIFIED
U.S. NAVAL OCEANOGRAPHIC OFFICE TR

Washington, DC 20373

1 RCPDAT TITLE

NEARSHORE CURRENTS AND CORAL REEF ECOLOGY OF THE WEST COAST OF GUAM, MARIANA
ISLANDS

4. DEICAIPTIVE NOTES (Type ef report and incluvive dates)

Technical Report. 4 Feb., - 3 Mar. 1971 and 19 Aug. - 15 Sept. 1971

AU THOAS) (Firat neme, middie inilial, laat nume)

Howard D. Huddell, .J. Craig Willett, and Gregory Marchand

% REPORT DATE Ta, TOTAL NO, OF PAGES Th, NO. OF REFS
January 19Tk 202
#5. CONTRACT OR GRANT NO Se. ORIGINATOR'S REBORT NUMRBERISE
b pacsceTno 122721 SP-250
c. #5. OTHER REPONT NOIS] (Any viher numbers thal may we assigned
this repost)
d,

10, DISTRIGUTION STATEMECNT

Approved for public release; distribution unlindced.

T JUPFPLEMENTARY NOTES 1T SPONSORING MILITARY ACTIVITY

U.S. NAVAL OCEANOGRAPHIC OFFICE

13 AUSTRACT

The Naval Oceanographic Office conducted two field investigatlions of the currents and
coral reef ecology at ‘luan during winter and surmmer 1971. These investigations were
made to assist in plroniug the locationa of proposed sewer outfalls and to determine
the level of sewage tosatment Tequired to prevent toxile levels of pallution cn the
beaches of Guam and ecolcgical damage to the surrounding coral reefs.

Currsnte were observed with current meters, parachute drogues, and <ye injectiocus.

Permanent ecological monitoring statlons were lustailed ou the reef. At thope sra-
tions, the sessile organisas were identified and charted, underwater photographs were
taken and photomosaicz constructed, and various individual organisms were photographed
close-up for documentation.

The most favorable locatiocns for a sewer outfsll in the Bile Bay area appear to be
at Facpi Point and off the extreme southwestern end of Cocos Island.

The outfall at Tentapalo Point appears to be in a more favorable location than the
Aget outfall.

The Agana outfazl places the effluent close to =2reas of high rec-eational use.
Eventual replacement of this outfall with ons at the Cabras Island location should be
considered.

Ague Point appears to be the ideal location for an outfall north of NCS Beach. Dye
at this location consistently moved either northerly or directly out to sea.

The established ecological monitoring stations should te monitored periodically to
detect the cffects of continued military and civilian coanstxuction on the island. More
stations should be installed to include the locations of proposed outfalls and future
construction.

e

FORM i1
DD 3.1473 . UNCLASSIFIED
/N 0101.807.6801 | Secunty Classilication
~

s B e Ty




T T T T R TN e vy

UNCLASSIFIED

Seccurity Classification

(PAGE- 2)

T4 e LINK A LINK B Like ©
RrROLE wT neLE wT HOLC
West ceoast of Guam
Currants
Coral reef ecology
Sewage outfalle
FoRY
DD 1473 UHCLASSIFIED

Sseusity Clazsification




SP-259

SPECIAL PUBLICATION

AD7804 3!

NEARSHORE CURRENTS AND CORAL REEF

ECOLOGY OF THE WEST COAST OF GUAM,
MARIANA [SLANDS

. HOWARD D. HUDDELL
i J. CRAIG WILLETT
g GREGORY MARCHAND

. :[ NAVAL OCEANOGRAPRHIC OFFICE .
[ \ WASHINGTON, D.C. 20373

.y s

e LA D RS VAT M T e T R TSR mTr AMMEA A TS e 0 Al TAV TS e s bt st e - e



FOREWORD

In response to requests from ti.e Pacific Naval Facilities
Engineering Command, the Naval Oceanographic Office conducted
two environmental-ecological surveys at Guam in 1971. This
report publishes the results of these investigations. It
not only provides answers to the problems of the requester
but adds conslderably to the knowledge of the currents around
the island. The ecological study, in turn, provides a basls
for monitoring the coral reef habitat for any changes caused
by man or nature.

P banbel

URKRABEK
Captain, U.S. Navy
Commander
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I. INTRODUCTICN

The Naval Oceanographic Office initiated & study of nearshore
currents and coral reef ecology of the island of Guam, Mariana Islands
during 1971, Tke =tudy was designed to assist ché Government of Guam
and the U.8. Navy in planning the locatioms of proposed sewer outfalls
and in determining the level of sewage treatment required to prevent
toxic levels of pollutron on the beaches of Guam and ecological damage
to the surrounding coral reefs. A nearshore ecological study was in-
itiated to provide an erological baseline whereby changes in the coral
reef communities can be detected and the causes determined, whether

natural or manmade.

A. Approach

Two field investigrtions were scheduled to be conducted during the
maximums of the summer and winter climatic conditions. The winter sur-
vey was made during tha period 4 February through 3 March, and the sum-
mer survey was conducted from 19 August through 15 September.

Nearshore currents were investigated through the use of arrayed and
bottom-mounted current meters and drogue and dye tracking. A coral reef
ecological investigation was initiated in the vicinity of present and
proposed ocesn outfalls and at other selected sites. A general ecolog-
ical investigation of the coral reefs was made during the initial
{(winter) survey. During the suumer survey, eight ecological survey
areas (quadrats) were eatablished. Figure 1 shows a summary of the work

conducted during the two field investigations.

B. Previous Investigations

Nearshore currents in the vicinity of Agat and Agana were briefly
investigated by the Pacific Islends Engineers (1951) during 1946 and
1949 wich the use of surface drifters. Their studies, which covered 1-
and 2-day periods during the months of February, March, April, May,
June, July, August, and September, revezled westerly currents at both

locations.
T
The Marine Laboratory of the University of Guam conducted a detailed
study of the Agsna outiall from September 1969 to September 1970 (Jones
and Randall, 1971). Thelr investigations included a currents study of
Agana Bay and the Agana reef flat and an ecological study in the im-

mediate vicinity of the Agana outfall, Their current meter and drogue
data indicated a predominance of southwest currents that varied in re-

lation to the tidal phese.

Tracey et al. (1964) reviewed the literature on the scientific
studies of Guam. The major emphasis of these studies wes on terrestrial

and marine geology.
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Figure 1. Summary of survey operations conducted during two field
investiguations February - March 1971 and August -- September 1971.

e —— U VLSO AT MO b £ LALLMV ki




Coastal marine geolozical studies of Guam that have ecological
application have been conducted by Johnson (1964), Emery (1962), and
Tracey et al. (op. cit.). The paper by Tracey et al. presents a brisf
discusgsion of the western fringing reefs of Guam.

0f immense value to the ecological portion of this study was the
work done by Cloud (1959} at Saipan, Mariana Islands; an island envir-
onzentally similar to Guam. Cloud presents a detailed description of
the reef and discusses the shoal-water ecology. .

II. METHODS AND PROCEDURES

A. Currents

E ' To determine the prebable route of pollutants, water currents along
the coast of Guam were observed using dye injections, parachute drogues,

and recording current meters.

At selected areas along the coast, rhodamine (types W.T. and B) and
fluorescein dyes were injected by either wading to the outer reef flat
and duping liquid dye or by dropping solidified dye cake arrays from a
helico-ter. The pattern of dye dispersal was then photogrzphed and
charte. from a helicopter to determine surface water trausport for the
period during which the dye patches were observed. Tidal and meteore-
logical data were obtained for the dye dispersal periods to discover
their influence oa surface water movement.

Parachute drogues were deployed at various locations to determine
surface water movements. Each drogue consisted of an 8-~foot {(2.4-meter)
aluminum pole (with flag) inserted through a styrofoam float. An 8-foot
(2.4-meter) dismeter parachute was tethered at 5 feet (1.5 meters).

.7 S i The drogues were tracked by radar range and bearing fixes. Richardson-
: - type, film-recording current meters were installed on bottom stands and
deep water arrays. These meters used a Savonius rotor for speed sensing
and a vanr that aligns with the current for dircction. The datsa obtained
from the reters were coded on photographic film and were decoded and
placed on magnetic tape for computer processing. The computer provided
_- : a separation of each current vector into north and east components and
B an average of the 10 vectors obtained during each 50-second sampling
. ¥ period. The data were then machine plotted to provide a graphic display
Al - of all the data for the study pericd. Machine plots included current
e speed and direction histograms and frame number versus speed and direc-
tion. Progressive vector dlagrams were constructed for pelected data
psegments. Table 1 summarizes the current meter implants and presents
maximum and modal speeds for each meter.
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Tcble I. Summary of current meter instslls..ons zt Cuas in 1971.

Water | Heter | Specd Regorded
Laocation Heter Dsta Perind Depch | Depth {knots)
Station Lat. (¥) Long. (E) | Number| Starc (LCT) | End (LCT) Hethod | {(¥Ft.) | (Ft.) | Haxioum  Hodsl
Cocos 13°13'50" 146638°10" | 418 | 1145,28 Aue | 1323, 9 sep| seang | 95| 90| 0.65 0.0
Merizo 13°16715% 144%39°25% | 407 | 1230,21 Awg | 1250, 9 Sep| gogng ] 3| 077  0.09
Btls 13%16'36" 164*39%06" | 223 | 1110, 7 Feb | 1330, 3 Mar| Buoyed | 200] sO| ©0.30  0.06
Bile 13°16'45" 166°39°30" | 412 | 1316,21 g [ 1108, 9 Sep| 252 [ s} 45| 023 o.uk
Sella 13°19'35%  144°38%40" | 426 | 1247,28 Asg | 1037, 9 Sep| seaiqe | 50| 45| 0.0 0.03
Facpi 13°20°30" 144°37'45" | 405 | 1430,21 Aug | 1020, 9 Sep :::::‘ 55 sof 0.99 0.1
Agat 13°23018" 144°38'30" | 175 | 1100,11 Feb | 3310, 2 Mar ;ﬁ:::“ as| 30| o139 oc.00
Agat 13°23'35" 144°38°50% | 427 | 1520,21 aug |0916, 9 Sep| S0rte® | 49| 44| 0.32  0.04
sentacele | 13020057 nassmrase | 323 | 1130,11 Feb [1350, 2| goarg” { 65 eo] 0.2¢ 0.0
Tentapalo | 13°25°00% 144°38'18" | 203 | 1745, 7 Feb |1945, 9 Peb| Buoyed | 270 | 30 1.00 0.1
Tancapalo | 13°24'50" 144°38'25" | 329 | 1015,22 hug |090D, 9 Sep socran | es| 60| o5 0.05
Apra 13°27°00" 144°38%00° | 272 | 1600, 5 Feb |0600, 8 Feb| Buoyed | 125 | 110| 0.50  0.05
Apra 1327°10"  144°38%60" | 430 | 1615,23 avg |0255.26 Sep| geaa. | 130 | 125 ©.08  0.00
Orora 13°28'20" 144°37°09" | 408 | 1550, 3 Sep |1350,14 Sep| buoyed [2,775 | 539| 0.89 0.1
Orote 13°28'20" 144°37'09" | 428 | 1310, 3 Sep |1350,14 Sep| Buoyed [2,775 |1,349 | 0.66  0.07
orate 13°28°20" 144°37°09" | A11 | 1320, 3 Sep |1510,14 Sep| Buoyed 2,775 [2,740 [ 0.33  0.07
Cabras 1328°00" 164°39'24" | 361 | 0010,25 Feb [1430, zMar| O [ 40| 33| 0.8 0.2
Cabras 13°28%05% 144°39%4s® | 419 | 1120,22 avg [1110,12 Sep| 2EFR | 551 s0f 0.9 0.08
Agasa 13020°06" 144°45'30% | 346 | 080D,16 Teb |1350,19 Feb] SR | 35| 20| 0.88 0.3
Agans 13°26°12% 144°65°30" | 103 | 1610, & Feb |1525, 2 Mar|{ Buoyed | 300 | 50| 0.50  0.03
Agana 13°29°15" 164°a4'40" | 408 [ 1210,22 Aug [1230,12 Sep :g:::‘ 65 60| 0.36 0.10
Ypac 1393000" 144%46'S5" | 424 | 1110,26 Aug |1230,12 Sep | OREOR | 220 | 15| 0.27  0.06
Fafai (1031020 144%67750" | 423 | 1456,22 Aug {1320,12 Sep | gorcas | 200 { 95| 0.35  0.00
Tanguisson| 13°32'36" 144°57748" | 356 | 1305, 6 Feb |1145,12 Sep| Buoyed | 300 } 30| 0.74 0.07
Tangulsson| 13°33°25" 144°48'25" | 413 1410,22 Aug [2020,22 Aug | poree® | 30| 45| 027 0.1
Hilaan 13033750"  164°48°50" | 410 | 1330,24 Aug [1720,12 Sep| ZOFEO® | 75| 701 0.40  0.04
Riesdisa | 13%62042" 184°51°36" | 420 | 1017,25 Aug [1267,13 Sep| Buoyed [1,200 | B9} 0.9  0.28
Rictdian | 13°41742" 164°51038" | 40t | 1120,25 Aug [1420,13 Sep Buoyed 11,200 | 200 0.92  0.15
Ristatan | 13°41042 144°52038" | 417 [15:0,25 Aug [1630,13 Sep | Buoyed [1,200 1,263 ) 1.97  0.36
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B. Coral Reef Ecology

During the winter survey, preliminary ecological data were collected
in the vicinity of present and proposed sewage outfalls and at Sella
Bay. Utilizing snorkling and SCUBA apparatus, occanographers excensively
photographed and desecribed eight reef areas. The results of these ef-
forts are jresented in the interim report of the initial field survey
(Naval Oceanographic Office, 1971).

Based on znalysis of the data from the winter survey, eight loca-
tions were selecred for lnstallation of permanent ecological monitoring
stations (quadrats). These quadrats were selected to be representative
of various reef environments in areas of expected pollution as well as
control areas not likely to be subjected to pollution.

Each quadrat is 10 meters (32.8 feet) square and is divided into
nine smaller squares, 3.3 meters (10.8 feet) to a side. Concrete blocks
permanently mark the corners of the quadrat.

The sessile organisms located within the quadrat were identified and
charted on vnderwater slates. Using underwater photogrammetric tech-
niques, the entire quadrat was phorographed and a photomosaic construc-—
ted. From the underwater chart and the photomosaic, a chart of each
quadrat was constructed showing the distributlon and types of bottom
organisms.

In addition, various indivic:ial organisms within each quadrat were
selected for close-up photographic cucumentation.

III. RESULTS AND DISCUSSION

A. Currents

Guam lies directly in the path of the North Equatorial Current,
which sets westward across the central Pacific betwzen 8° and 15° N.
The average surface speed ranges from 0.3 to 0.8 knot (.15 to .40 m/sec),
but speeds of 2 knots (1.0 m/sec) can be rearhed during scrrong winds.
Surface current diresctions of the Naorth Equatorial Current vary from che
WW quadrant during winter to the SW quadrant during summer. The presence
of this major ocean current sweeping paat the island is undoubtedly an
important factor controlling nearshore currents, especially along the
east coast of Guam and at its northern and southern extremities.

Tides at Guam are semidiurnal with censiderable diurnal inequality.
The mean range is 1.7 feet (.51 meter) eid the diurnal range (difference
in height between mesn higher high water and mean lower low water) is
2.4 feet (.72 meter). Tides are a major current producing force espe-
cially in shallow water and in restricted channels or straits. Because
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of the large diurnal inequality, the differences in heights between
hirks and lows must be considered as well as the times of highs and lows
when comparing tides and currents at Guam.

Winde are an important factor influencing surface currents. Stroug
winds tend to mask the effects of other current-producing forces. Guam
lies in the belt of northeast tradewinds. Tradewind flow is dominant
during all seasons, but it is especially pronounced during the winter
season (January through May). During the summer season (July through
October) the effect of the tradewinds is somewhat diminished, and winds
from every direction are not uncommon. Typhoons are most frequent dur-
ing the summer season, and although they are common in the vicinity of
Guam, none affected the area during the perlods of data collection.
Figure 2 shows the speed and direction of winds observed at the Naval
Air Station, Agana during the periods of the two field surveys. Figure
3 presents a comparison of wind roses for historical data to wind roses
of data for the survey pericds. This comparison reveals considerable
similarity between the historical data and observed winds during 1971.

To gimplify the preseptation and discussion of current data, the
west coast of Guam has been divided into five sections as shown in fig-

ure 1.
1. Bile Section

This section includes the southern tip of the island to as far
north as Facpl Point. The coastiine between Facpi Point and Cocos
Lagoon is well sheltered from the dominant northeast tradewinds and from
the direct influence of the North Equatorial Current. As might be ex-
racted, the current meter data and dye observations show that, with the
exception of the southermmost meter, currents in the section were pri-
marily controlled by tides and local winds.

A single current meter (#223) was installed in this section
during the winter gurvey. It was placed at the 50-foot (15.2-meter)
depth on an array in 200 feet (61 meters) of water off Bile Bay, a pro-
posed site for an ocean outfall. Figure 4 presents current speed and
direction histogrems from this meter. The current direction histogram
portraye a dominant easterly flow. An analysis of this easterly flow isa
illuatrated in figure 5, which portrays a short segment of the current
meter data in the form of a progressive vector diagrem. This diapgram was
conatructed by zaligning hourly curreat vectors so that the origin of each
vector is at the end of the previocus vector. A progressive vector
diagram can bc regarded as a chert showing the path of a water particle
as If it were continuously subject to the current ac the meter location.
The actual situvation may be much different, as the water particle is
subject to different and unknown currents as socon as it leaves the meter

locatioa.
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Figure 5 show: that currents at meter 223 progressed primarily
in a series of northeast and southeast excursions. This can be inter-
preted as a steady easterly flow superimposed on a periodic north~south
current. The exact character and origin of the periodic current {s
indefinite. Major changes in direction occurred at 4- to B-hour inter-
vals similarly to the tidal changes; however, correlation of these
changes with tidal higha and lows is poor. The periodic current prob-
ably results from a combination of tidal and local meteorological effects.
The steady easterly drift is interpreted as part of an eddy currant
created by the strong flow through Mamaon Channel. The presence of a
similar eddy on the south side of the channel is evident from the dye
dispersal study conducted on 3 September (fig. 20).

Five current meters were inastalled in this section during the
summer survey. Their locations and the resultant data are plotted in
figure 7. Meter #412 was installed in Bile Bay on a bottom stand in 50
feer (15.2 meters) of water. The meter recorded very slight currents
ranging in speed from 0 to 0.23 kaot (0 to .115 m/sec). The greatest
number of observations was of currents flowing north and south-southwest.
Figure 8 presents a short segment of the data plotted as progressive
vectors. Any correlation of currents with tidal highs and lows is
questicnable; however, there is some evidence of a slightly stronger and
more consistent flow before and after the major low tides. The progres-
sive vectors illustrate the rate st which a pollutant would be carried
away frow Bile Bay, if it were continuously subjecizd to the currents
recorded at meter #412. Over the 3-day period the net transport was
slightly less than 2 nautical miles (3.22 km).

Dye studies conducted in the Bile Bay area confirm the pattern
of sluggish water movement (figs. 9 through 20). 1In all cases, dye
released near the shore spread out along the coast rather than moving
cut of the Bay. Dye released in Bile Bay remained in the area and was
vigible for exceptionally long periods of time. Dye released at 0905
hours on 31 August (fig. 17) wae still present as a large patch 3-1/2
hours later. A similar situation existed durirz the winter dye dispersal
studies {(figs. 9 through 13) in which dye remained in the area for up to
4 hours. Dye observations roughly parallecled the data recorded at the
current meter, indicating that the current meter record is fairly rep-
resentative of wzter movement in the entire bay.

Current meter {#407 was inctalled at the 40-foot (12.2-mecer)
depth st the entrance to Mamaon Channel during the summer survey. This
gite was selected to determine the exchange of the waters of Bile Day
with Cacos Lagoon, an important recreational area, and to what extent
pollutants originating in the bay would affect Cocos Lagoon., Current
speeds ranged up to 0.77 knot (.39 m/sec) with a relatively large number
of observations over 0.5 knot (.25 m/sec). The direction plot shows that
currents were bidirectional, but that the predominant flow was easterly.
Current dirvections generally changed in concert with tidal cycles as
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ghowm in the progressive vector diagrams {(figs. 21 and 22). During the
period 21 through 27 August currents through Mamaon Channel varied be-
tween inflow and outflow but were strongest during inflow. Figure 21 is
representative of this period. Outflow was predominant from 28 August
through 9 September. Current speeds increased, becoming greatest around
the major high tide of the day. Figure 22 is representative of this

pericd.

If Cocos Lagoon were filling and emptying exclusively through
Mamaon Chacr :1, a8 periodic current would exist equal in both directions.
The vector diagrams illustrate the presence of another current which
flows primarily westward through the channel. The origin of this steady
current is the filling of the lagoon by the action of waves of trans-
lation carrying watec acroas the reef flar. This wave-induced current
is greatest during high tides when larger waves can cross the reef flac,
and for this reason higher currents were recorded at high tide.

Although the dominant flow was westward through Mamaon Cha.ael,
it must not be assumed that pollutants dumped near the channel would
invariably be carried away from the lagoon. As shown in figure 21,
before 28 August, currents carried water from the Philippine Sea through
the channel and into the lagoon. This situation was probably created by
a temporary change in the direction and intensity of wave attack.

Current meter #418 was installed on the bottom in 95 feet (29
meters) cf water off the southwestern tip of Cocos Island. Current
speeds up to 0.65 knot (.325 m/sec) were recorded; however, most speeds
vere very low. These low speeds were probably due to the preasence of a
precipitous slope rising just sast of the meter locaticm, blocking the
flow of the dominant northwesterly currents. The source of the dominant
northwest drift is probably the North Equatorial Current. Very little
periodicity is evident from the data recorded.

Currents at Sella Bay were investigated by means of eight dye
dispersal operations (figs. 23 through 30) and the installation of cur-—
rent meter #426 on 2 bottom stand at 50 feet (15.2 meters). This meter
recorded very consistent currents flowing north and west. Speeds were
most common in the range of 0.0F to 0.11 knot (.025 to .055 m/sec). The
current direction histogram shows a complete lack of currents In the
southeast gqnadrant. This was not due to any local topographic obstruc-
tion, because the meter was inatalled on a flat botrom with no signifi-
cant relief. Figure 31 examines a 4~day segment of the data in mnre
detail., This illustration portrays a reries of north and west projec-
tiona resulting in a net northwest movement. Currents here were strongly
influenced by tides; the northward projection occurred before the major
low tide of the day, and the westward projection occurred after the major
low. Dye injected into inner Sella Bay moved more slowly than that in-

jected near adjacent points.
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Current meter 405 was instzlled on the bottom off Facpi Point
in 50 feer (15.2 meters) of water.
were the highest in this section. The direction histogram shows the
greatest number of observations to be north and south. Currents were
strongly related to tidal changes; flowing northward during ebb tide and
southward during flood (fig. 32). The northward flow during ebb is
aimilar to that at Sella Bay, but at greatr~ speed.

Four drogucs were planted and tracked in this secction during
the suzmer fleld survey (fig. 33). Three of the drogues moved to the
southeast for the firat 1-1/2 hours, then they turned northeast for 2
hours and would have beached had they not been retrieved. The sovthern-~
most drogue nmoved consistently northeast before shoaling.

Current speeds recorded by this meter

e
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Based on the current data collected during this atudy, Bile Bay
appears to be a velatively poor location for a sewer outfall. Sewage
discharged into the bay will be caught by slowly eddying currents and
will remain in coastal waters for long periods of time. Slower exchange
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of waters can be expected in bays and other semienclosed bodics of
water, and therefore less rapid dispersal of pollutants than off more
exposed coastlines such as headlands or prominent points. The most
favorable locations within this section would appear to be at Facpi
Point and off the extreme southwestern end of Cocos Island. Mamatgun
Point or Fouha Point may also have more favorable currents than does
Bile Bay; hosvever, a study of those locations would be necessary to con-
firm this.

2. Agat Section

This section comprises the western coast of Guam from Faepi
Point to Apra Harbor. Currents in this section were investigated by
means of current meters at Agat, Tantapale Point, Apra Harbor, and an
array of three meters off the wesatern end of Glaas Hreakwater (fijjs. 34
and 36). Dye dispersal studies were conducted at Agat and Tantapalo
Point. Drogues were relecased and tracked on five separate occaslons.

Current meter #175 wvas installed during the winter field survey
on a bottom stand in 35 feet (10.7 meters) of water approximately 300
yards {274 meters) directly offshore from the Agat sewer outfall. This
meter was located very close to the reef wargin and in relatively shallcw
water. The hiatograms (fig. 34) show very slight currents setting moscly
parallel to the shoreline, but the effect of wave action is cvident by
the frequency of currents setting normal to the choreline., Figure 35
examines a short segment of che data in more detail. The net drift dur-
i1g the time of observation was to the west. Currents sst generally
so.ithwest on the ebbing tide and north during flood.

Current meter #427 was installed during the summer field survey
in slightly deeper water (49 feet (14.9 meters)) and several hundred
yards further offshore than meter #175. The direcrion histogram for
meter #427 shows o more exaggerated northeast-southwest alignment (fig.
36) than the shallower installation. Ia addition, the winter data fronm
meter #175 shows southwest currents te be dowinant, whercas, the gummer
dsta from meter #427 shows a dominance of norcheast currents. Faster
currents were glso recorded in the suumer.

Two dye injectiouns were made near the Agat outfall during the
winter field survey (figs. 37 and 38), and nine injections were made
during the summer survev (£fgs. 39 through 46). Dye injected and
trocked near Aluton Island and Nimfitz Beach indicared a slow southerly
drifc slong the reef margin. The general pattern that emerges from the
dye studies at the Agat outfall is that of sluggish eddying currents.
On two occasions (figs. 39 and 42) dye deposited rear the mouth of the
outfall moved over the reef flat and sprezd out along the shoreline.
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Current meters were installed at luacapalo Point during “oth

winter and summer field surveys. They were placed on a bottem atand in

65 feet (19.8 meters) of water 200 feet (61 merers) from an outfall which
dumps sewage over a cliff inte the water. Data from meter #323, installed
during the winter field survey, are preseated in fipures 34, 47, and 4B.
Most of the currenta observed flowed toward the west; however, the direc-
tion histogram shouws a secondary peak toward the southeast. Curreat
speeds were strongly influenced by tidas. The highest current speeds
occurred 1 to 2 hours after esack low tide. Currents were westerly during
the peak flows changing to southeasterly after each high tide when speeds
were least.
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¥Figura 47. Current speeds versus tides {vox: meter #323, 0000,
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Figure 48. Progressive vector Jdiagram of current from meter
#323, 0800, 13 February to U800, 15 February 1971.
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A similar situation existed durinz the nummer field survey nc
shown in the data from meter ¢429 (figs. 36 and 49). Peak speadn o~
curred during rising tide and lower speeds were trecorded during chb.
Speeds were generally higher during the summer, reaching a maximum of
0.55 knot (.275 m/sce). Currents flowed northwest during flood and
were variably southeast and northwest during ebb.
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Figure 49. Progressive vactor diagram of currunt from meter #4249,

1105, 22 August to 1C05, 24 Auguet 1971, nnd current speeds versus
tides from 1200, 22 August to 2000, 25 Aupust 1971.

Two dye patches were tracked off Tantapalo Point on 10 Fabruary
(figa. 50 and 51) and an nerial photograph wag token of che sewags of -
fluent on 26 February (fig. 52). Dye and sewage movenents conflirmed the
general pzttern shown by the current meter datn., Four dys injectionn
wvere made off Dadi Beach during August and September (figs. 42 through
45). Three of these were observed during th. fgiling tide and showed
sluggish eadying currents. One dye patch, obevrved during £lood, wus
subject to & relatively strong current getting co the south (fig. 42},
This southerly flow during flood was exac:ly opposite te the genural
pattern at Tantapale Polnc and {llustrates the cddying nacure of the
currents in Agat Bay.

An array of three current meters was instfiicu uvif Orote Penlin-
sula during the summer survey. Currents decreased in speed sith deptk,
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sttaining a maximua speed of 0.59 knot (.445 m/sec) at the shallowest
meter and a maxizum speed of (.33 knot (.165 m/sec) at the deepest wetor.
The current direction histogroms show a northeast-southwest oricntation
for the top and rmiddle meters, but an almoest circular pattern for the

bottom meter.

In {igures 53 and 54 the relationship of the data to tides and
tizes can be exazined more closely. At niddepth currents {lewed south-
vest for 2 to 3 hours before acd after cach low tide and reached g maxieun
speed approxizately at the time of low tide. Similarly, currents flowsd
northeast for approximately 6 lours around high tide and reached another
nmaximum speed ot about the time of high cide.

The surface meter showed a similar but opposite pattern during
the late evening and early morning hours; the flcw being southwest at
high tide and northeast at low tide. Betveen approximatcly 0600 hours
and 2300 hours on 6 Septeaber a consistent southwest current was re-
corded. A maximum speed was reached during the times of high tides and
8 minimum speed was reached at the time of low tides. This perlodicitr
resulted fron a steady southuest current befng reinforced by tha tidal
current during high tide. The source of the steady current was prod-
ably the local winds that reached highest velocities at midday and died

down during late evening.

The botton meter recorded very sluggish currents that varied
in speed snd direction without revealing any definite pattern. This
meter was only 15 feet (10.7 meters) above the bottom and might have

been affected by bottom topography.

Tuo current meters were installed near the bouttom in Apra
Harbor during the winter survey and one during the summer survey. Thew
all recovded slight to non-exlatenc currents thit appear to be causad
by the tidal e=prying and £11ling of the harbor.

Five drogue-tracking operations were counducted in Agat Bay ama
off Orote Peninsula (figs. 55 threugh 59). Most of the ~.ogucs moved
northward; and, in pome cases, with considerable eddying. On 23 Februsye
the drogues drifted inicially toward cthe east-southeast, but they turned
to parallel the coastline upun approaching the island.

The current data collected in this section is anather exaople
of the general unsuitabllity of bays and other semienclosed waters (or
sewage disposal. The slow eddying of asurface waters within Agat Bay
is in marked controst to the stromger, more comsistent flow off Facpt
Poirt, Orote Feninsula, and Tantapalo Point. A water sampling progras
corducted by the Guam Department of Public Health and Socfal Services
revealev that tho sewage released at the Agat outfall pollutes a larpe
area of Agat Bay. The outfall ar Tantapalo Foint appears to be in A
niore favorable lozation. The prevailing currents tend to carry the
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Figure 55, Drogue observations in Agat Section, 22 February 1971,
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affluant west along the rupped, unpopulated ceast of Orote Pealnsula
whera it is eventually dispersed by the strong currents off the tip of

the pe.insula.
3. Agona Sectiun

This section extends from Cabras Island en the west to Ypao
Puint on the east. The northerly facing coast ie more exposed to the
noerthaast trades than the gections discusped previously. Waves and suré
alone this coast were particularly high during the winter months vhen
the rajority of the winds were out of the east and northeast.

Cabras Island is the proposed oite for an ocean outfall. Cur-
ventuy in this area were investigated by the installatfion of current
maters during both surveys and by dye dispersal studies.

Current meter #361 was installed during the wintei survey on
a bottom stand in 35 feet (10.7 reters) of water upproximarely 200 yards
(183 meters) off the northwest tip of Cabras Island. Currenta during the
period of installation flowed primarily to the west at speeds up to 0.5%
knot (.295 m/pec) as shown in figure 60. Progressive vector plots (fig.
61) show that the westerly currents were not only more frequent but were
gtronger and resulted in a consistent westerly net movement. Little
correlation between tidal cnanges and shifts in current speed or direc-
tion is apparent from this data.

Current meter f41% wvas installed during the suxmer survey in
about the same location ae #3461 but in deeper water ac 55 feet (16.8
wmeters). Current speeds (fig. 62) ware conaiderably less than the specds
recordad “arlng the winter, Current dircctions were almost egually di-
vided between eact end west., Two days ol the record from meter £419 are
pletted in figure 63 as progressive vectora and as current speed veraus
tido. Durin: this periocd, directions shifted between northwest and
nottheast and resulted in a net northerly drift. Current spceds were
low but rcached maximums near low tides.

Four dye injections were made during the winter survey frox
the shore adjacent to the current neter locatien. This dye moved rap-
1dly toward the vest, initially spreading out alenz the shorcline.
Thege data are shown in figures 64 through 67. On 26 February (fip. €8)
dye entered Apra Harber at cthe juncture of Glass Dreakwater and Cabras
Island. This dye may have penetrated the breakwater during the spring
high tide, wvhich occurred that morning, or it may have percolated through
cavicties in the old reef flat on which the breskwater was constructed.
Dye putches were tracked on 8ix occasions during the summer survey
(tigs. 63 throuph 73). Dye injected during the rising tide flowed
rapidly toward che west in a pattern mimilar to that observed in the
vinter atudy. Dye injected during tue falling tide flowed easterly or
eddied slowly. Conparisona cf dye digpersal data to the current meter
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data show that currents were relatively consistent over the entire area;
currents recorded at the meter corresponded closely to the movement of
the dye patches.

Currents in Agana Bay were investigated by means of three cur—
rent meter installations and dye and drogue tracking. Two current
meters were installed during the winter survey. Meter #346 was placed
on a2 bottom stand in 35 feet (10.7 meters) of water about 100 yards
(91.4 meters) scaward of the reef margin. It was subjected to heavy
surf chat shook it off the stand about 3 days after installation. During
the first 1-1/4 days cthis meter recorded moderate currents, averaging
less than 0.2 ¥not (.10 m/sec), that cscillated generally east and west
(fig. 74). Early on the afternoon of 17 February, current speeds in-
creased to near 0.5 knot (.25 m/sec) with a constant flow toward the west
and southwest (fig. 75). This strong southwesterly current persisted
until the meter failed. Much of this stronz current was due to higher
wave action 28 water was carried over the reef margin onto the reef flat.
The histograms illustrate the effect of these two differing data segments.
The direction histogram shows a prominent spike toward the southwest
caused by the strong surf-reiated currents. Smaller spikes tcward the
east and west represent the first 1-1/4 days of data. A similar situa-
tion exists in the speed histogram with the preeence of a bimodal distri-
bution,
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Figure 74. Progressive vector diagrem
of current from meter #2346, 0800, 16
February ro 0100, 17 lebruary 1971,
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Fifgure 75. Progressive vector diagram
of current £rcm meter #1346, 1230, 17
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Current meter {103 was installed on an array at the 50-foot
(15.2-meter) depth. Water deptu at this locaticn was approximately 300
feet (91.4 meters). During the 25-day period, current speeds ranged up
to 0.5 knot (.25 m/sec), but they were most frequent in the interval
between 0.04 to 0.08 knot (.02 to .04 m/sez). MHost currents flowed to-
ward the east and northeast. Relatively few ooscrvations were recorded
in a southerly direction. Three isolated segments of the data are shown
in detail in figure 76. Data plotted as progressive vectors from the
periods 7 through 8 February and 26 through 27 February show moderate to
slight currents that flowed northeasterly durinz ebb and northwesterly
duriag flood. The period 13 through 15 February was characterized by
moderate currents that flowed consistently toward the east.

Current meter #406 was instelled in Agana Bay during the suamer
survey. It was placed on s bottom stand in 65 feet (19.8 wmeters) of
water near the location of the existing Agana sewer ourfall. As shown
in the speed and direction histograms, currents flowed primarily to the
northeast at speeds ranging up to 0.36 knot (.18 m/sec), but they were
most frequent between 0.04 and 0.0l knot (.02 and .005 m/sec). The first
2 days of these data are plotted as progressive vectors in figure 77,
Speeds during this time averaged about 0.1 knot (.005 m/sec). Currents
flowed generzlly northweat during the rising tide and northeast during
the falling tide. This directional change in concert with tidal ebb and
flood is in agreement with the data from meter #103 (fig. 76) installed
during the winter season.

Figures 78 through 85 show the patterns of dye dispersal during
the eight dye operations conducted in Agana Bay in August and September
1971. Alsc shown are the patterns of disparsal of sewage plumes from
the Agana sewer ocutfall as observed and photographed from the air.

Only two of the 13 dye patches were chserved to travel in a westerly or
sosthwesterly direction. Most moved easterly or naortheasterly. The
edaying nature of the currents in shallow water ic illustraced by the
pa;terha of dye dispersal and scwsge dlspersal geen on 1 September (fig.
82).

One drogue tracking operation was conducted in this vicinity
during the suzmer survey (fig. B6). After initlal movement toward the
north, the drogues turned and travelled rapidly toward the east. This
flow pattern apparently was a rcsult of currents caused by strong wes-—
terly winds which began early on 9 Scptember.

The Cabras Island location appears to have the most favorable
characteriscrics within the section for placement of a sewage outfall.
Currents there are relatively consistent and will tend to c' ty effluent
out to sca. Here, aa elsewhere, the outfall should be positioned to
prevent the efflnent from being carried onto the rcef flat by surf
action. Cabras Island has the added advantage of being far from rec-
reationnl ugse areas and human habitation.
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The Agana outfall location has the advantage of proximity to
the gewage producing areas and resulting lower cost in pipeline con-
struction. However, this outfall places the effluent close to areas
of high recreational use. As discussed in the Bile and Agat sections,
currents in bays tend to be weaker and to move in circular fashion.
This tendency resulis in a longer residence time of the effluent in the
coastal waters. Also contributing to the eddying nature of the circu-
lation in Agana Bay is the presence of a wide reef flat. As reported
by Jones and Randall (1971), water is fed to the reef flat by surf
action across the reef margin creating a buildup of water which exits
through openings in the reef at the northern and southern ends of the
bay. Although Jones and Randall reported no present contamination of
the reef flat by the cutfall, the situstion after the outfall reaches
design capacity (approximately six times the present flow) may require
.2 reevaluation of the suitability of Agana Bay as an outfall location
or the upgrading of sewage treatment to prevent contaminction of recre-

ational areas.

4. Tumon Section

This section includes the coastline from Ypao Point at the
southern end of Tumon Bay to Uruno Point. A sewer outfall exists at
Haputo Point and pleng are to construct an outfall Iin the Tanguisson
Point area. A primsry cause for concern is the possibility of sewage
polluting the recreational beaches at Tumon Bay and NCS Beach.

Currents in this areca were investigated using bottom-mounted
and arrayed current meters, dye dispersals, and drogues.

During the winter field survey, current meters were installed
on buoyed arrays at Tanguisson Point and Haputo Point.
placed at a depth of 50 feet (15.2 metera) in 300 feet (91.4 meters) of
water (fig. B7).
of data before the ingtrument failed.
interim report of the winter survey.

These data are onresented in the

most frequent batween 0.05 and 0.25 knot (.025 and .125 m/gec).

the currents flowed northeast and suuthwest, with unortheasterly flow
being predominant. Progressive vector plots do not reveal any correla-
tion between direction of flow and tidal phase.

Four curreat meters were installed in the section during the
summer fisld survey. Their lucations and the resultant data are shown

in figure 88.

Meter #424 was placed on a bottom stand in 120 feet (36.6 meters)
The meter recorded

of water 200 yards (182.9 meters) north of Ypao Point.

relatively slight currents mootly toward the northern balf of the compass.

Figure 89 ghows 2 days of the data plotted as progressive vectors.
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Both meters were

The Haputo Point meter (£166) recorded only a few hours

Current speeds £rou the Tanguisson
Point meter (#356) ranged up to 0.75 knet (.375 m/sec), but they were
Moat of
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During this period, net movement was to the north through an apparently
random series of mortherly, northwesterly, and northeasterly directions.
Changes in direction or speed did not seem to be velated to tidal cycles
and were probably due to local meteorological effects.

Meter #423 was placed on a bottom stand off Fafai Beach. It
was located on a submarine slope of abour 20° at the 100-foot (30.5-
meter) depth. Because the instrument maifunctioned, the data cannot be
carrelated to time except for start and end times. Most of the currents
flowed southwestarly. Speeds were extremely low, with a majority of the
observations at less than 0.1 knot (.05 m/sec) and very few greater than
0.3 knot (.15 m/sec).

Current meter #413, installed off Tanguisson Polnt, recorded
only 6 hours of data. It was installed on a bottom stand in 50 fest
(15.2 meters) of water. Although it was functional for only half of u
tidal cycle, the frequency discribution of current directions is very
similar to thosz of meters #356 and #410, which recorded data for 6 days
and 19 days, respectively.

Current meter #410 was installed 200 yards (182.9 meters) off
Hilaan Point on & bottom stand in 70 feet (21.3 meters) of water. Cur-
rents up to 0.4 knot (.20 m/sec) were recorded, but most of them were
less than 0.2 knot (.16 m/sec). Current directions were roughly parallel
to the coastline., A Gt-hour pericd of the data is shown in fipgure 90.
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Figure 90. Progresgive vector diagram of current from meter #410,
0150, 1 September to 1950, 3 September 1971.
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During this period, directions shifted between southwest and north-
northeast resulting in a net westerly drift. The general pattern was a
southwest flow for 3 hours before and 6 hours after each lcwer low water
of the day with less consistent flow at other times.

A toral of 38 dye patches was tracked by helicopter between the
NCS Beach and Haputo Point (figs. 91 through 104). They indicated cur-
rents flowing up to 0.4 knot (.20 m/sec) usually peralleling the shore-
line. Between Oceanview and Haputo Point most of the currents moved
northeast. Off the NCS Beach and Tanguisson Point, flow was almost
equally divided between northeast and southwest. Off Hilaan Point, all
but one of the dye patches moved southwest. The direction of movement
. was apparently unrelated to the tidal phase. Only one dye patch moved
across the reef (fig. 98). This patch was from a dyc cake placed off
Tanguisson Point relatively near the reef. Dye was carried over the
reef by wave acticn and dispersed on the reef flat. Dye placed off the
NCS Beach on 29 and 30 August and 3 September (figs. 96, 97, and 103)
showed the effects of the rip current which carried water out through a
break in the reef. This current was preeent regardless of the tidal
phase.

Four drogues were tracked on 1 September betwcen Tanguisson
Point and Agances Point (fig. 105). They all moved southwescerly along
the coast at approximately 0.4 knot (.20 m/sec).

An offshore southwesterly flow is apparent in the data from the
current meters installed off Hilaan Point, Cabras Island, and Orote
Point, and from the drogue tracke in figure 105. Nearshore currents are
controlled by a complicated series of eddies from the offshore flow.

The location and shape of the eddies at any particular time are deter-
mined by 8 combination of many factors, the mosr imporrant being wind
speed and direction, tidal phase, counfiguration ol the coastline, topug-
rephy of the bortom, wave helght and directicn, and the speed and
direction of the offsghore current. For sewage outfall placement, it is
necessary to determine et what locations the eddies are most likely to
carry pollutants away from shore and into the offshore current.

For an outfall located north of the NCS Beach, the most desir-
able location ig one with a northerly current. Another consideration
is the relatively wide reef flat locatcd betwzen Amantes Point and
Hilaan Point. Wnter is supplied to the shallow rcef flat primarily
by the action of waves carrylug water across the reef margin. This
wave action creates a longshore current which travels along the reef
flat until a bresk in the reef is encountered, like the cne near NCS
Beach. Sewsge carried onto the reef flat would be likely to travel a
conaiderable distance along the beach before being carried out to sea.
The dye studies reveal that north of Oceanview currents are more likely
to carry pollutants in the desired direction. The ideal lecation ap-
pears to be Ague Point, Ague Point is locaced at some distance from
the broad rcef flat south of Hileean Point. Dye at this location con-
sistently moved either mortherly or directly out tc sea,
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5. Ritidian Section

A singie array of current meters was planted 2 miles (3.22 im)
gorth of Ritidian Point during the summer survey. The urrzy contained
three current meters configured as shown iIn fipure 106. The purpese of
this array was to define the currents passing the northern tip of the
island with the possibility of discovering a strong offshore current
which would carry sewage away from the coast of Guam. The data from
these three meters illustrate the extreme variability with depth of the
currents et this location, and leaves in doubt the existence of a con-
eistent sewage-removing current.

Cf the three cutrent meters on this array, the bottommost meter
recorded the most consistent and most interesting data. This meter
(#417) was subjected to fast, rapidly reversing currents such as would
be expected in a narrow channel with large tidal changes. The entire
record of current epeed from this meter is presented in figure 107.
Shorter segmenta of the data are showm in mare detail in figure 108.
Currents at 1,165 feet (355 meters) were controlled almost entirely by
the tides. Maximum speeds reached lows on 30 August and 12 September,
1 day after the moon reached firest quarter and last quartaxr {(quadrature)
and the same day on which the maximum southerly and northerly declina-
tion of the moon occurred., NKeap tides cccurced at these times and are
reflected in the currents. Maximum speeds gradually increased through
the first week in September reaching a high on approximately 6 September,
1 day after the full moon (ayzyzy) aud the same Jday the mwoon made its
clogest monthly approach to earth {perigee). Spring tides were assoc-
iated with these phenomena. This bimonthly cycle of changing tidal
ranges (fortnightly pericdicity) is reflected with remarkable clarity
in the current speeds. Maxinum speeds describe a sine curve with a
wavelength of about 14 days.

Currents flowad northwesterly during the rising tide and south-
egsterly during ebb. Changes in direction occurred within 10 or 20
minutes. If the currentg were due entirely to tidal forces, the speed
during ebb would equal that during £lood. This was not the case.
Currents were stronger during flood and resulted in & net northwesterly
flow. The magnitude and direction of this net flov was determined by
averaging the entire record through the fortnightly period of 29 August
through 12 September. An average current of 0.157 knot (.079 m/sec) to-
ward the north-northwest regulted. Thies net flow is interpreted as the
influence of the Forth Equatoriazl Current.

The surface currents showed little similarity to those at
depth. Speeda from current meters #420, at 89 feet (27.1 meters), and
#404, at 200 feer (61 moters), were considerably lower, and directions
wvere more verisble. A predominemce of currents f£lowed toward the east
at both deptha, Little correlation with tidal influencesg is apparent in
the data from either current meter (figs. 109 and 110).
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The marked difference between currents near the surface and

those close to the bottom is a result of the effects of bottom topog-
raphy and the influence of winds and waves upon the surface layers.
During Aupust a homogeneous mixed layer existed from the surface to a

depth of approximately 300 feet (91 meters).
ted from deeper layers by a steep thermocline which extended to approx- °

imately 1,300 feet (3Y6 meters).
boundary separating surface currents from those at depth.

5 miles (8 km) north of the point.

This water mass was separa-

This thermocline is an effective

Surface drogues were tracked north of Ritidian Point during

February and August (figures 111 aand 112).
rents appeared to be relatively weaxer; no movement at all was cbserved
Currents within a mile of Ritidian

During February surface cur-

Point showed a more easterly component during both winter and summer

than the currents further from shore.
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contradiction.
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Surface currents north of Ritidian Point flowed against the pre-
vailing winds and opposite to the North Equatorial Current as shown in
bath the current meter data and drogue tracking.
ing longer periods of time will be necessary to resolve this apparent
Although the near bottom currents are of interest, they
have little application In sewage pollution problems due to the tendency
of sewage effluent to rise rapidly to the surface.

Addirional data cover-
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B. Ecolecgy

The reefs studied are fringing types with similar topographic zones;
each having a reef flat, reef margin, and reef front (terminclogy after

Tracey et al., 1953).

These study areas are representative of the

various reef environments found at Cuam, and they have two definable
the genera that comprise the population,

population characteristics:
and the frequency in which the genera occur.

Within a vopographic zome

the coral populaticn consists of the same genera; however, the frequency
of occurrence of these genera varies with the environment.
characteristics were investigated by comparing the frequency histograms

of the predomiunant corals within each quadrat.

Population

The population charac-

teristics will serve as a baseline for defining environmental changes.
These changes will be verified by correlating changes in the individual
organisms with general population changes.

Figure 113 is a composite frequency histogram of corals in quadrats
1 and 3 located on the first terrace, and figure 114 is a composite
frequency histogram of corals in quadrats 2, 4, and 5 located on the

slope to the second terrace.

Figure 113.

first terracc of the reef front (quadrats 1 and 3).

Peritas o9,

4 geitissle
o farvisiells

Figure 114,

second terrace of the reef front (quadrats 2, 4, and 5).
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1. Bile Bay

Bile Bay lies in a protected location on the southwestern
coast of the island. Sheltered inland by mountains and facing south-
west, the bay receives few strong winds and is not subject to strong
currents. Two streams, the Dile and Pigua, empty into the bay and
physically divide it into three parts. Both streams flow through
sparsely populated regions, and they are used by inhabitants for some
waste removal. The streams are generzlly low volume; bowever, after
heavy rains large sediment plumes extend into the bay. The streams have
caused an impact sufficient to inhibit corel growth in their direct path
of flow, and in adjacent areas they restrict coral growth to genera with
some tolerance to silcing., Figure 115 presents a profile and chart of
the Bile Bay ecological study area.

The reef at Bile Bay is a narrow fringe 110 yards (100.6 meters)
wide. The reef begins at the shore vegetation line and at its seaward
limic it meets a sand and silt bottom at the 60-foot (18,3-meter) depth.
The reef of the bay center, modified by the outflow of the streams, is
narrow and breken by channels; whereas, the re=f at each end of the bay
is broader and more unifeorm.

A depth of 1 to 2.5 feet (.3 to .75 meter) of water is present
over the reef flat, and because of a poorly developed algal ridge, this
water is constantly recirculated. As a result, coral growth is rela-
tively abundant. Growths of calcareous algae are predominant through-
out, with corals of *%¢ genera Pocillopora and Goniastrea scattered in
the recesses. At its geaward edge the algal ridge, subjected to surf
action, is broken by spur and groove formations that extend down the
abrupt reef mazein and onto the first terrace. The floors of the grooves
are paved with loose cobbles and boulders. The walls of the grooves and
recesses between the boulderg provide shelter for cnral and numerous
moliuges. At either end of the bay the first terrace extenda from the
10-font (3.0-meter) to the ?0-foot (6.l-meter) deptha and spans 10 to 15
yards (5.1 to 13.7 meters). The cnergy of the environzent is moderate
to high with little sedinent present. Coral growth covers about 50 per-
cent of the reef surface. Near the mouth of the streams the terrace is
eroded and irregular, coral growth is less, and sediment carpets large
arcas of the bottom. The slope to the second terrace begins at = depth
of 20 feet (5.1 meters) and is 7 to 10 yarde (6.4 to 9.1 meilie) wide.
It supports a luxuricun coural community but is restricted to genera
tolerant of the more turbid conditions and proximity to the gilt bottom
of the second terrace.

The primary impact by man on this enviromment has been through
fishing and shell collecting. Since much of the luxurious reef is rugged
in appearance and occurs in less than 30 feer (9.1 meters) of clear
water, it 1s appealing and casily accessible teo the swirmers and
asnorklers who vigit the bay..
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The effect of pollution on this environment is minimal and
probably serves as an additicnal nutrient source. Small amounts of oil
and waste pollutants origirate from the use of the bay for recreation
and some is probably carried in from Cocos Lagoon, & high-use recreation
area.

Quadrat 1 is on the shailow first terrace at depths of 10 to 15
feet (3.0 to 4.6 meters) in the northern section of the bay (fig. 115).
Little sand or gilt is present on the rocky substrate. The distribution
of genera within the quadrat ls presented in figure 116. The prominent
coral genera are those that thrive in a silt-free moderate to high
enexgy environmenc, and they included Mentipora, Porites, Acropora,
Pocillopora, and Goniastrea. lUistograms of the coral population are
presented in figure 117.

Photopraphs of individual corals were made to monitor natural
changes in the reef population and to detect changes that could occur
from pollution. Plates 1 and 2 show the present condition of two small
coral communities. Plate 3 shows the state of repair of & damaged gec-
tion of a Leptoria head. The locations of these photographs are shaded
on the species digtribution chart.

Quadrat 2 is adjacent to the Bile River chaonel on the slope
to the second tervace at depths of 35 to 50 feet (10.7 ta 15.2 meters)
(£1g. 115). The tlope at the quadrat consists of irregular spurs and
grooves with a ate2p seaward gradient. Considerable sediment blanketa
the area znd is especially heavy in the grooves and deeper sections of
the quadrat. This sediment has a controlling influence on the populztion
of the quadrat. Coral coverage in the quadrat is nmederate and confined
te a few genera (fig. 118). 7The three prominent genera are Lobophyllia,
which has about a 25 parcent frequency of occurrence, and Porites and
Porites (Synmara~a), which total 26 percent frequency of cccurrence

(£1g. 119). Tho remeining occurrances ave by 31 different spacies,
each with fewar than 8 percent frequency.

The predominance cf a few genera within a population indicates
the controlling influences of tho environment, and en alteration in thias
population structure will indicate environmental changes. Individual
specimans ware selected as environmental indicators, and they were doc-
umented for monitoring on future periodic surveys. Specific examples
arc presented in plates 4, 5, 6, and 7.
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Figure 116. Species distribution chart, quadrat 1, Dile Bay.
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Figure 117. Frequency of occurrence of coral in
quadrat 1, Bile Bay.

Plate 1. Photo 9-8 in Quadrat 1, Bile Bay — Specles
of Montipora, Porites, and Coniastrea growing in
close wpaciel association.
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Plate 2. Photo 9-9 in Quadrat 1, Bile Bay - Young
growth of soft corals growing around the hard coral
Astreopora, center and lower left.
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Plate 3. Photo 9-11 ia Quadrat 1, 5ile Bay - Enor-
mous Leptoria head showing scar of repaired damaged
section,
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10 meters (32,8 feet)

Figure 118. Species distribution chart, quadcat 2, Bile Bay.

KEY TO QUADRA

FEITEEIETEENENFETENVENFF

avpers
13 we Elilevil
" . = Ehrrabetg
. - %, Pdwarde
. ta wp. Tlecher dv
FTE . or Elatmell

r

<

L]

v

L]

[ 3

3 . laly grev spes

T . Fiesde Alrwsnillan

V. Gttt oo, Foelle
¥.Fee ims e Toslle
B . tsaemwialbed basd cavel
¥ o« Amrms

)
in
i3)



%
_/

10 meters (32.8 feet)

KEY TO QUADRAT SKETCHES

. Miflepwre plavyphglls (Memetich and Dwonbered
H, weners besiles
1] s o, Lasareh
. teapitess (Dans)
+ Pi esndrien (Denal
. dreigarais (Linnarva)
. werrpcoua (L1101 aad Bolawmier)
. e
. pabilers {Lamacch)
+ A, mpsdinthms {lana}
o bebey (Lana)

TARE

lorle (Linssres)

sryabess {Fevehaal)
by

< sperlies

;. reifide (tsa)

7. heebipul (Rewssowu}
sarly Vauwghou.

e 1 A S T I T P 3 T I T I T T P T T

i . Segiepack v
30 . Pelppeyiiie taizin {Lemarck)
+ Colupngilis riteps (Levarze)

Youphptite sipera (L1ite ard Balesmiev)

cen.or. <0 Fislnelile

10 meters (32.8 feet)

L a9
11, Fentejwia or. de Llataville
W . Tissinasaes op. N Livards ead Utar

20 . Dip masites vp. Tedthal
» . Sear
M. wits (Falles)

n

3 @ srpuisia (hfumain o)
B wpttepainalan (Lo srEk)
1 . Mepuline spe Uaenierg

F . $rs wichin
& o Spoupe

. Paletherlan
r

"

®

L]

1

v

v

z

¥

.

o Tuebioeris o9, Lasoutisn
a Maliands . Litwetoun
« Balt aresn whpavw

» Balt grey aines

« Pleady Alipemst las

» Lomall hon gu. Toslie

» Prralinmen up. Faulie

o Unidemailind bard scval

st nr
(). Dred cotal
Leck

118. Species distribution chart, quadrat 2, Bile Bay.

137




T vy s, g a8

.

e T

TR

B R ek id

Fatrent Frequmiy of Serurtonds

7 4 & [ ] L[ " 14 % B o M W
P O BT T JPUN I ST SR RO N W NUrUN O
3 A e s - Ny LA N

Baristvpure op.
Stylapura op.
Lyphasiios op.

Figure 119. Frequency of occurrence of coral in
quadrat 2, Bile Bay.

4 o0 £ | S
s e ¢
___‘i"':._. i ady *\;t".' ¥
¥ - L" L'-"f -‘"’ T J“‘.u

Plate 4. Photo 5-2 in Quadrat 2, Bile Bay - Porites

(Synaraea) and calcareocus algae growth establishing
on an old growth of Lobophyllia.
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Plate 5. Photo 5-8 in Quadrat 2, Bile Bay -
Oulophyllia, Porites (Svmaraea), and calcareous
algae growing over an old coral rock base.
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Plate 6. Photo 5-10 in Quadrat 2, Bile Bay -

Seriatopora growing on a section of Lobophyllia head.
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Plate 7. Photo 6-5 in Quadrac 2, Bile Bgy - Species
of Goniastrea with basal portions shrouded with cal-

careous algae.

2, Sella Bay

Two rivers, the Sella and the Asmafines, flowing lnto Sella Bay
created distinct inner and outer rcef environments. These environments
are an inner bay with limited coral growth, low salinicies, and gener-
ally turbid waters, and an outer bay with luxuricus coral communities

and relatively clear water.

The inner bay ls defined as that part of the reef which is
severely modified by the streams. Included im the inner bay are a
debris-laden rocky flat, a low algal ridge, and a steep reef margin di-
sected by channels and caverns. Nearchore, sediment from the atreans
inhibits coral growth on the rocky flat. At the reef margin the sand
and sediment are carried through holes and into the channels. The walls
of the channels and caverns, where sediment does net collect, support
caicareous algae and the hard coral Porites, which is tolerant of turbid
conditions and high sedimentation rates. In the deeper portions of the
inner bay (greater than 20 feet (6.1 meters)) the silt covered bottom is

unsuitable for coral growth.

Within 500 feet (152.4 meters) from the mouths of the atreams
(the center of the bay) where turbidity diminishes considerably, coral
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growth is more varied with Pocillopora, Montipora, and Favites joining
the ever-prasent Porites. 1In the deeper areas of 20 to 30 feer (6.1 to
9.1 meters) Porites (Synaraea) and Lobophyllia are {ound.

At the entrznce to the bay, 1,000 feet (305 meters) from the
mouths of the streams, horizontal visibility ranges up to 100 icet (30.5
meters) and water clarity has become sufficient to support vigorous
coral growth to depths of GO feet (18.3 meters). Here, tha corals are
far enough from the mouths of the streams to be unaffected by silting.

The first terrace beyond the rcef margin of the outer bay iu at
20~ to 30-foot (6.1- to 9.l-meter) depths and several hundred feet wide.
On this terrace the most abundant genera are Hontipors, Acropora,
Pocillopora, Favites, and enormous heads of Porites. These genera indi-
cate a medium- to high-energy environment as produced by waves on the
slope. Reef growth continues down a gradual slope to a sand and silt
terrace at 60 feet (18.3 meters).

Because of the relative remoteness of this area, there is
little human impact on the bay. A few people visit the bay for sight-
seeing and skin diving. The possibility of marine comstructien in
Sella Bay and the develcpmen'. of the Selle River valley is a primary
concern. Building roads and shore faciljties with subsequent deauda-
tion of the lend would substantially increase the volume of water and
sediment lead carried by the rivers. This would result in major changes
to the Sella Bay reef community.

Two quadrats established in Sella Bay on the reef front are
representative of the shallow- and deep-trater environments (fig. 120).
Quadrat 3, in S to 15 feet (1.5 to 4.6 meters) of water, is on the first
terrace near the edge of the reef margin. The substrate of the gquadrat
is rock with some grooves and holes contcining small amounts of sand.

A photomosaic of the quadrar is shown in plate 8. Figure 121 shows the
distribution of sessile organisms within the quadrat.

The coral communities of this upper veef front, typical of most
of the first tervace, consists of many Hontipora, Acropoia, Favites,
and Pocillopora. Figure 122 presents histograms of the frequency of
occurrence of corals in this quadrat. These corals are also common to
the firast terrace at Bile Bay; however, the predominance in quadrat 3
of the silt~-tolerant Favites and the fewar Goniastrea (not tolegcant to
eilting) indicates an environment more influenced by silting. Examples
of the specimezns selected as environmental indicators for this quadrat

are pictured in plates 9, 10, and 11l.

Quadrat 4, in 35 to 50 feet (10.7 to 15.2 meters) of water, ig
about 100 yarés (91.4 meters) west of quadrat 3 on the slope to the
second terrace. At the quadrat the recf %s u rounded slope of 20° to
40°, relativeiy uncontaminated by scdiment or debris.
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Pigure 121,

Species distribution charc, quadrat 3, Sella Bay.
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Plate 9. Photo 13-3 in Quadrat 3, Sella Bay - A
species of Porites suffering from predatiom by fish.
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Plate 10. Thoto 13-4 in Quadrat 3, Sella Bay -
Species of Acropora and Pncillopora.
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Plate 11, Pheto 13-7 in Quadrat 3, Sells Bay - A
specien of Favites with polyps out thriving under
a ledge in silc-laden hole.
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Figure 123 shows the distribution of organisms within quadrat 4,
The coral communities or this slope are among the most varied aad
luxurious in the leeward coastal waters, a condition attributed to
plentiful nutrients and high water clarity. A count of the sessile
population showed 1,728 organisms consi.. iag of 48 gpecies. lYorites,
Favia, Astreopora, Favites, aod Montipora are the most prominent

gencra as shown in the frequency of occurrence histograms in figure 124,
Plates 12, 13, 14, and 15 are representative photographs of some of the
specizens which werc gelected in quadrat 4 for future monitoring of the

environment.

3. Anae Island

The deep reef south of Anae Island was sclected as a control
quadrat location. Figure 125 presents a reef profile and chart of the
area. It is neither polluted nor near a proposed ocean outfall. Monitor-
ing this environment will help determine what reef changes are cccurring

naturally.

The reef flat, separated from the reef front by an elevated
ridge, is heavily influenced by mud and s8ilt from two small streams.
The reef margin is & zone of high energy and luxurious coral growth.
This zone of coral pinnacles, boulders, and caverns contains a dense
population of Acropora, Porites, Montipora, Millepora, and calcarecus
algae. The reef front is a broad gradual alope dissected by zand-

filled channels.

Quadrat 5 was installed on the reef front in 55 to 60 feer (16.8
to 18.3 nmeters) of water 100 yards (91.4 meters) south of Anaa Ieland
(fig. 125). The coral population of quadrat 5 (fig. 126) consists of
33 gpecies and 542 orgenisms; fewcr than in che other two dcep reef fronts
studied (quadrats 2 and 4). The reason for fcwer corals in this quadrat
is that a sond channel comprises a third of the quadrat arca. The pop-
ulation in this quadrat is very similar to the population at quadrat 4
in Sella Bay; both have Poritea, Favia, Astreovora, Favites, and Montipora
as the most prominent genera. Quadrats 4 ana 5 also are reclatively sim-
ilar in depth, water clarity, and proximity to & sand bottcam. Figura
127 presents histograms of frequency occurrence of corals in quadrat 5.
The other deep reef area studied (quadrat 2 at Bile Bay) has similarities
to quadrat 5 also: Torites, Montipora, and Favia are common thore; how-
ever, Lobophyllia and Yorites (Synaraea), the most prominent genera at
quadrat 2, which is heevily silted, are insignificant at quadrat 5.

Some of the individual organisms that were selected from this
quadrat for phctographic documentation are shown in plates 16, 17, 18,
apd 19, Some of the organisms selected are of the samz 3ennra ap thoze
selected from quadrats 2 and 4. This selection will ensble a future
comparison of wodifications to the same genera from environments which

may be affected hy sewage effluent.
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Plate 13. Photo 26-13 in Quadrat 4, Sella Bay - An
old head of Astreoporza that has been damaged and en-
croacned on by algae and Pocillopora.
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Plate 14, Photo 26-19 in Quadrat 4, Sellz Bay - An
old head of Lobophyllia damaged extensively.
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Plate 16. Photo 18-3 in Quadrat 5, Anae Island arca -
Species of Astreopora growing on a dead coral head and
existing with algae.
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Plate 17, Photo 18-6 in Quadrat 5,. Anae Islénd area -
Species of Montipora partially dead in spcts probably
caused from feeding by the crown-of-thorns.

Plate 18. Photo 18-10 in Quadratr 5, Anae Island area -
A small species of Pocillopora in an open, unprotected
area.
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Plate 19. Photo 18-11 in Quadrac 5, Anac Island area -
Several species of Porites, some showlng signs of fish
grazing.

4., Bangi Island

This study area is a braad, shallow reef flat adjacent to Bangi
Island. The flat extends 700 sards (640 meters) from a sand and mud
shore to an algal ridge that is awash at low tide. A chart and profile
of the area are shown in figere 128. This reef flat ic characterized by
the limiting factors of high sedimant level, uns=table bottom, and large
temperature variations. The reaf flat communities are zoned parallel tu
the shore, and most are dominated by the marine grass, Zostera sp. From
the shoreline, these zones are: (1) barren, mud and sand; (2) Zostera
and Pocillopora; (3) Zostera, focillopora, and Pavona; (4) Zostera,
Pavona, and Porites; (5) Zostera, Porites, and Acropora; (6) Turbinaria;

and (7) the algal ridge. Zonaticns of species in reef flat coamunities

are common and have been describted for similar areas by Mayor (1924} zand
Tracey et al. (1964). Generally, the communities of the reef flat are
less populated than those on the reef fromt, a condition attributed to
the liomiting environmental factors of the reef flat.

Quadrat 6 (fig. 129) 1is located 500 yards (457 meters) from shore
in 2 transition area batween the Pavona/Pocillopora zome and the Pavona/
Porites zone. The bottoa coverage is cqually divided between marine

grass and coral and open holes =ith sand and gravel. Water depth over
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the bottom of the holes is 3 to & feet (.9 to 1.2 merers) but only

inches over the grass and large coral heads. The grass has stabilized

the sand, but in the holes the saznd is continually shifting, thus, in-
hibiting coral growth. The promineut organisms are Pavona, Porites,
Pocillopora, and Acropora (fig. 130). The sessile population of the
quadrat covers about 15 percent of the bottom and consists of 98 organisms
of saven species. In most instances, coral growrh in the quadrat is con-
fined tu areas stabilized by the grass (Zostera) and the higher rocky
areas. Some coral growth, primarilv Pocillepora and Pavona, occura in

the sand holes, but ouite often these corals are partiaclly dead because

of the instability of the substrate.

Individual organisms were selected for documentation from both
the grass areas and sand holes. The prominent genera for the transi-
tion zone are represented along with genera that characterize adjacent
zones. Plates 20, 21, and 22 depict some of these gpecimens.

Peresal Fraquency of Oicuftonds
-

[ ¥ 4 4 4 w o u L [} " ® n n u» xN W T W ¥ W a8
stites op. c
Pertlispera ap. i
A -
...1'3'..:2.:!

Figure 130. Frequency of occurrence of coral in quadrat 6, Bangi Island
area.

Plate 20. Photo 14-9 in Quadrat 6, Bangl Island zrea - Species of
Pocillopora (center) covered with algae attached te a rock in a sand
hole. Underneath portions are dead. Dead Acroporaz and calcareous
litter surround the srea. Porites in bottom half of the phorto.
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Plate 21, Photo 17-7 in Quadrat 6, Bangi Island area -
A specles of Pavona (center) in a Zostera/sand edge"zépe.

C e

' s
potncrll -3 N

Plate 22. Photo 17-8 in Quadrat 6, Bangi Island area -
Species of Porites in background showing characteristic
round toadstool base and table top. Pavona and dead coral
debris in foreground.
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5. Piti Bay

Piti Bay (fig. 131) faces north-northwest, subjecting it to
northerly winds and waves, which create strodg currents in the outer
section of the reef flat. Four distinct environments were observed on
the reef flat: (1) a mud and grass flat extending from the shore;

{(2) a lagoon 10 feet (3.0 meters) deep with large deeper holes; (3) a
shallower central zone (the quadrat area) dominated by Porites and
Alcyonaria; and (4) an outer zone dominated by Acropora.

An outfall is located at Asan Point on the northern end of the
bay, and sewage flows south inte and across the reef flat. Additional
pollutants are carried into the area by two streams which flow through
populated areas. Little is knowa about the affect of sewage on a
coral community. Sargent and Austin (1954) conducted a study at Bikini
on the bioproduction of a coral reef washed by an unidirectional cur-
rent, and they concluded that the community produced more organic mat-
ter than it consumed. A reef subjected to sewage pollution would not
necessarily derive any benefit from the additional nutrients. Harmful
effects of chemicals or increased turbidity would result if concentra-

tions were extreme.

Quadrat 7 is located near the edge of the shallow lagoon about
1,050 yards (960 meters) from shore (fig. 131). A steady southerly cur-
rent of 1 to 1.5 knots (.5 m/sec to .75 m/sec) flowed through the area
during the installation and survey of the quadrat. The current was due
to moderate surf, which carried water into the lagoon over the norchern
reef margin. This water exited through onme of several channels in Piti

Bay.

The area contains a sessile population, primarily soft corals
(Alcyonaria) and Porites (fig. 132). The soft corals blank:t about 20
percent of the bottem by attaching to the coral rock-substrate, and are
surrounded by sand 6 to 8 inches (15.24 to 20,32 centimeters) deep at

the basal disks. The Porites heads are boulder-size structures that rise
2 to 3 feet (.6 to .9 meter) off the reef floor and provide attachment

surfaces for other corals away from the sand. The population consists of
17 species totaling 202 organisms of which 46 percent are Porites and 13

R Enae s ] e T T i e L et o R ————

BoF gy

sy

percent are Alcyonaria (fig. 133). 7This area, with many soft corals, is
unlike any of the other quadrats. Predominance of the soft corals is
probably maintained through their tolerance of the shifting sand.

Predominant o-ganisms in the sand (plates 23 and 24) and oigan-
isms on the boulders (plates 25 and 26) were selected for documentaticn.

167

LA, 7 ARSIy A B ot s 3 o 3 T

s Al LA

L 32



E.PCAMEL ROCK

é GUADRAT LOCATION AND NUMBER
P23 PROFILE LOCATION °

ASAN BAY

w’kﬁ

*
o
v

FCALE IM KILED

panl_ el \ ?a 12

REEF FLAT

—10

QUADRAT 7

]
3

DEPTH (FEET)

oo 960 looo 1100

DISTANCE FROM SHORE (N YARD3

Figure 131. Aree chart and reef profile for Piti Bay ecological study.

168




2

10 meters (32.8 feetr)

r-:' [R5 E PN T 41-653 Q_“::‘-/ Y e i O
N I &
:‘é‘eﬂ A ol £ (E) ) @
D Qirpy © ® 9
” 0, WG o X0 A
@ VD)

“@

10 metexrs (32.8 feet)

70
il i e
|\.__/ Ig L

SRl AT

Figure 132,

Species distribution chart, quadrat 7, Piti Bay.
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132. Species distribution chart, quadrat 7, Piti Bay.
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Figure 133. Frequency of occurrence of coral in
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Plate 23, Photo 33-~7 in Quadrat 7, Piti Bay — Alcyonarian
attached to a rock substrate in a sand-layered bottom.
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Plate 24. Photo 38-10 in Quadrat 7, Piti Bay - Porites
(Synaraea) growth on rock surrounded by drifting sand.

Plate 25. Photo 33-4 in Quadrat 7, Piti Bay ~ Porites
growing on rock protruding from a sand-layered bottom.
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Plate 26. Photo 38-7 in Quadrat 7, Piti Bay -
Alcyonarians and Porites growth on a rock protrusion.
Organisms completely engulf the rock.

—

6. Tumon Bav

Its sandy beaches and wide, shallow lagoon make Tumon Bay one
of the favorite tourist sites on the island, Several large hotels have
been built along the shore and the Guam community uses the bay exten-
sively for sunbathing, swimming, and fishing. Figure 134 is an area
chart and reef profile of the bay.

Three days of cbservations were made of the fringing reef at
Tumon, The reef front had been declmared by the starfish, Acanthaster
(crowm-of-thorns), and presented an ugly view of dead coral buttresses
and pillars. This recef sector now appears to be in an early stage of
, redevelopment with sponges, algae, the coral Galaxea, and the hydrozoan
Millepora being predominant. The reef flar extends 550 yards (503 meters)
from the shore to the algal ridge and encompasses the following zones:
(1) beach sand and marine grass (0-100 yards (0-~91.4 meters)); (2) sand,
and coral of the genera Gonlastrea, Porites, and Acropora (100-350 yards
{91.4-320 meters)); and (3) sand, rock, and coral of the genera
Pocillopora, Acropora, and Porites (350-550 yards (320-503 meters)). A
E gimilar traverse was run by Tracey et al. (op. cit.) before the starfish
infestatlon, and comparison of data indicates the reef flat did not suffer
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from the crown-of-thorns invasion, nor has it been significantly
damaged by heavy recreational use. } N

Quadrat 8, located in the Pocillonora, Acropora, and Porites
zone, is covered by & inches to 2 feet (15.24 centimecters to .6 meter)
of watcr depending on the tide, Much of the botteom is covered by sand
and loose coral, especially around the Acropora thickets. Figure 135
presents the species distribution in the quadrat. The population con-
sisted of 226 sessile organisms of nine genera with Pocillopora,
Acropora, Porites, and Pavona occurring most ‘requently (fig. 136).

As in quadrat 6 at Alutom Island, the Pocillopora clumps occur-
ring in the sand were partly dead and covered by algae. Although
Pocillopora occurred with the greatest frequency, Acropora and the

hydrozoan Palythoa actually covered the largest area. Another diestinc-
tive organism in the quadrat was a cone-shaped dark green sponge. The

occurrence of Acropora and Pocillopora on the sand substrate indicates
a high-enexgy environment, because these corals do not exist with sand
or silt unless moving water is present to clean them. A strong current
' was moving south across the flat through a break in the reef margin.
Plates 27, 28, and 29 are representative photographs taken to document

the existing population.
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quadrat 8, Tumon Bay.

Plate 27. Photo 34-2 in Quadrat 8, Tumon Bay — Small
growths of Porites on rocks protruding from -sand. and

rubble.
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Plate 28. Photo 34-18 in Quadrat 8, Tumon Bay - tﬁrge k
thickets of Acropora.on sand-covered bottom. - The sand
also supports a community of green algae..
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Plate 29. Photo 36-11 in Quadrar 8, Tumon Bay - A community

of Palythoa, rolothurian, and Acropora. Porites and Pocillcpora - -

are growing in the clumps of Acropora.
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IV. CONCLUSIONS AND RECOMMENDATIONS

Bile Bay appears to be a relatively poor location for a sewer
outfall. Sewage discharged into the bay will be caught by slowly
eddying currents and will remain in coastal vaters for long periods
of time. The most favorable locations within this section would °
appear to be at Facpi Point and off the extreme southwestern end of
Cocos Island. It is recommended that Mamatgun Point and Fouha Point
be investigated as possible alterpatives for an outfall in the Bile
Bay area.

i The current data collected in the Agat section give another example
! of the genreral unsuitability of bays and other semienclosed waters for
sewage disposal. The slow eddying of surface waters within Agat Bay

is in marked contrast to the stronger, more consistent flow off Facpl
Point, Orote Peninsula, and Tantapale Point.  Sewage released at the
Agat outfall pollutes a large area of Agat Bay. The outfall at Tan-
tapalo Point appears to be in a more favorable location. Here, the
prevailing’ currents tend to varry the effluent west along the rugged,
unpopulated coast of Orote Peninsula where it is eventually dispersed

{ by the strong curreats off the tip of the peninsula.

b The Agana outfall location has the advantage of proximity to the
sewage producing are.r and resulting lower cost in pipeline construc-
tion. However, this outfall places the effluent close to areas of
high recreational use. Contributing to the eddying nature of the cir-
culation in Agana Bay is the presence of a wide reef flat. After the
! outfall reaches design capacity (approximately six cimes the present
i flow) a reevaluation should be made of the suitability of Agana Bay as
i an cutfall location, or sewage treatment should be upgraded to prevent
‘ contamination of recreationzl areas. The possibilicy of placing an
outfall at Cabras Island to serve the entire central portion of Guam
* and to eventually replace the Agana outfall should be investigated.

‘ - North of the NCS Beach, a relativelv wide reef flat is located be-
tween Amantes Point and Hilaan Point. Water is supplied to this shal-
i low reef flat primarily by the action of waves carrying water across
/ i the reef margin. Wave action creates = longshore current which travels
along the reef flat until a break in the reef is enccuntered. Sewage
carried onte the reef flat would be likely to trovel a considerable
distance along the beach before being carried out to sea. Dye studies
reveal that north of Oceanview currents are more likely to carry pol-
lutants in the desired direction. The ideal location for anm outfall
appears to be Ague Point which is located at some distance {rom the
broad reef flat south of Hilaan Point. Dye at this location consis-
tently moved either northerly or directly out to sea.

{
H

Surface currents north of Ritidian Point flowad ageinst the pre-
vailing winds apu opposite to the North Eguatorial Current. Additional
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data covering longer periods of time will be necessary to resolve this
apparent centradiction. Although the near-hottom currents are of

v interest, thay have little application in sewage pollution prublems due
to the tendency of sewage efiluent to rise rapidly to the surface.

Eight ecological quadrats have been installed in bay areas along
the wescern coast of Guam. Species distribution charts of each quadrat
and photographs of individual specimens have heen made to monitor nat-
ural changes in the reef population and to detect changes caused by
pollution. These quadrats should be monitored periodically to detect
the effects of continued military and civilian construction op the
island. Additionally, more ecological investipations should be made +
and gquadrats installed to include the locations of proposed outfalls
and future construction.
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